This research is a nutritional assessment of a fungal (Aspergillus fumigatus 1-21A) single-cell protein (SCP) that was fed to rats and pigs. The sun-dried biomass resulted from fermentation of either fresh roots or cassava meal substrates and had the following percentage composition: crude protein (N x 6.25), 34.3; ether extract, 3.1; crude fiber, 20.0 ash, 4.3; N-free extract, 27.9; Ca, .20 and P, .79. The gross energy was 4,260 cal/g. An initial biological evaluation based on protein efficiency ratio (PER) and net protein ratio (NPR) methods was conducted using 70 growing rats. Growth responses in rats fed the dried product were similar to those produced by the casein control, provided the biomass was supplemented with DL-methionine. During the growing-finishing period (15.8 to 95.0 kg), pigs were given one of the following experimental diets: 1) control, sorghum + soybean meal (SBM), 2) cassava meal (CM) + SBM + .3% DL-methionine, 3) CM + SCP and 4) CM + SCP + .3% DL-methionine. Diets were calculated to supply 16 and 13% crude protein for the growing (15.8 to 50 kg) and finishing (50 to 95 kg) periods, respectively. The pigs fed the diet based on SCP without any methionine took longer (P<.05) to reach market weight and had poorer (P<.05) feed conversion than pigs fed the other diets. Supplementation with DL-methionine improved (P<.05) the nutritive quality of the fungal protein and the results were comparable to those obtained with diets based on SBM. The use of SCP as a total substitute for SBM did not affect the normal physical condition of the animals.
Introduction
Single-cell protein (SCP) products have been considered potential alternative protein sources for animal feeding. In recent years, there has been renewed interest in microorganisms, mostly yeast and bacteria, as sources of protein for livestock feeding (Mateles and Tannenbaum, 1968; Tannenbaum and Wang, 1975) . Kihlberg (1972) reviewed research that evaluated the possible use of SCP such as that obtained in algae, fungi, yeasts and bacteria for livestock feeding and in human nutrition. A few recent studies have evaluated fungal SCP in diets for pigs (Smith et al., 1975; Romantschuk, 1975; Duthie, 1975) and on a general basis, have indicated that these fungal products constituted a potentially nutritious and safe feed protein source.
The cassava plant possesses a potentially unrivaled yield per hectare (De Vries et al., 1967) , but its roots have a low protein content. Meaningful increases in protein level by means of plant breeding may be very difficult to obtain, whereas it seems more feasible to improve it by microbiological means.
As part of the research performed at the Centro Internacional de Agricultura Tropical in the evaluation of suitable products for animal feeding in the tropics, an experimental fungal protein has been obtained by means of batch fermentation. The organism, a strain of Aspergillus fumigatus, designated 1-21A, was selected on the basis of the initial data obtained at the University of Guelph, Canada, on the hightemperature production of protein-enriched feed from cassava by this fungus , and preliminary nutritional and toxicological studies of the fungal biomass (Khor, 1974; Khor et al., 1976) . These experimental results were sufficiently encouraging to prompt the establishment of a pilot plant (Gregory et al., 1977; Santos and G6mez, 1977) CComposition of the vitamin mixture per kilogram was: 900,000 IU vitamin A; 100,000 IU vitamin D; 5 g alpha tocopherol; 45 g ascorbic acid; 5 g inositol; 75 g choline chloride; 2.25 g menadione; 5 g p-aminobenzoic acid; 4.5 g niacin; 1 g riboflavin; 1 g pyridoxine hydrochloride; 1 g thiamine hydrochloride; 3 g calcium pantothenate; 20 mg biotin; 90 mg folic acid; 1.35 mg vitamin Btz, from cassava. The description of the process at the pilot plant and the results obtained have been previously reported (Santos-Nufiez, 1977; Santos and Gomez, 1977) . The production of sufficient quantity of fungal biomass made possible the study of its nutritive value with growing rats and pigs, which will be described in this paper.
Experimental Procedure
Total nitrogen was determined by the microKjeldahl procedure (AOAC, 1970) on duplicate samples, and the factor 6.25 was used to calculate crude protein content. Amino acid analyses were performed on samples hydrolyzed in 10 ml of 6 M-HC1 under reflux for 24 h, and final determination was conducted by ion exchange chromatography using an automatic amino acid analyzer . Proximate analyses were conducted to determine the chemical composition of the dried fungal biomass according to ~TSM amino acid analyzer, Technicon Corp., Tarrytown, New York.
3 Rats were obtained from the CIAT colony.
the standard procedures recommended by AOAC (1970) . Calcium determinations of the dried samples, were made by atomic absorption spectrophotometry and the analyses of phosphorus content were performed according to the colorimetric method described by Murphy and Riley (1963 The rats were housed individually in wirebottomed cages in an air-conditioned room maintained at 25 + 2 C, with a 12-h light-dark cycle. The rats were placed in the cages before the start of the experiment and allowed to adjust to the new environment for 3 d while consuming a commercial diet 4. Tap water was available at all times from externally mounted glass bottles attached to one side of the cage by metal springs. Feed was provided in glass feeders equipped with perforated metal discs to reduce feed wastage. Body weight and feed consumption data were recorded weekly throughout the 28-d experimental period; from these data, feed efficiency and protein efficiency ratio (PER) were calculated. Protein efficiency ratio (PER) was calculated from the growth rate of the animals as related to the protein consumed in comparison to that observed for the reference protein, casein. For the determination of net protein ratio (NPR), a control group of 10 rats was maintained on the basal diet 7 devoid of protein. At 14-d the NPR for each diet was calculated as shown in table 3.
Pig Feeding Experiment.
A total of 24 crossbred, weaned pigs (Yorkshire x Duroc), averaging 15.8 + .6 kg initial body weight and 56 d of age, were randomly allotted according to sex, litter and body weight into four dietary treatments with six pigs each. The animals were kept in individual pens, each constituting a replication, and fed the following diets during the experimental period: 1) sorghum plus soybean meal (SBM), 2) cassava meal (CM) plus SBM and .3% DL-methionine, 3) CM plus fungal SCP and 4) same as 3) plus .3% DLmethionine. In diets 3 and 4 all crude protein was furnished by the fungai SCP at the expense of cassava meal. The composition of the experimental diets is shown in table 2. The diets were isonitrogenous and calculated to contain 16 and 13% crude protein (N x 6.25) for the growing (15.8 to 50 kg) and finishing (50 to 95 kg) periods, respectively.
Eleven pigs (two from the group fed diet 2 and three from each other group) were slaugh4Purina Lab Chow, Ralston Purina Co., St. Louis, MO.
tered at the end of the experiment when they reached the market weight (90 to 95 kg). Carcass measurements such as length, backfat thickness and weight of different meat cuts were taken to assess carcass quality. During the course of the experiment, blood samples were obtained from all pigs for hematological and biochemical analyses and at slaughter, a range of tissues were collected for histopathological examination. This latter information will be reported in a separate paper.
The data were analyzed statistically as a completely randomized design and Duncan's new multiple range test (Steel and Torrie, 1960 ) was used to determine significance of differences between treatment means when a significant diet effect was indicated by the analysis of variance.
Results and Discussion
Body weight gains over the 28-d experimental period were low for rats fed the unsupplemented fungal protein-based diets (table  3) . Methionine supplementation improved the quality of the fungal protein significantly, resulting in body weight gains similar to those obtained with casein and significantly better in the case of the biomass produced on cassava meal than those for the soybean meal-based diet plus .3% methionine. Total feed intake was less (P<.05) and feed/gain was greater (P<.05) for rats fed the fungal protein-based diet without methionine supplementation than for rats fed the other diets. Rats fed the methioninesupplemented fungal protein-based diets had PER and NPR values similar to those for the control casein group and superior (P<.05) to those for the unsupplemented fungal proteinbased diets. Values for the soybean meal-based diet were intermediate.
The results of the nutritional evaluation of the fungal-SCP with growing pigs are shown in table 4. Pigs fed the control diet (sorghum + SBM) gained faster and reached market weight earlier than pigs fed CM + SBM and CM + SCP plus methionine diets. Pigs fed the CM + SCP diet without methionine supplementation grew much slower (P<.05) than pigs fed the other diets; these pigs needed three additional weeks to reach a final weight of 90 kg. Feed intake was similar between pigs fed sorghum and CM + SBM diets and greater than for pigs fed the CM + SCP diets with or without methionine. However, feed/gain was only increased for pigs fValues adjusted to the standard value of 2.5 for casein.
gGain of test group + loss of nonprotein group + protein consumed by test group; a 14-d assay; the average weight loss of animals on the protein-free diet was 15.4 g. fed the CM + SCP without-methionine diet. Although the amount of carcass data is limited, the results (table 4) suggest no effect of dietary treatment on the characteristics studied. The essential amino acid content of the fungal protein is similar to soybean meal and has a relatively low methionine content (figure 1). Most yeasts (Nelson et al., 1960) and fungi (Rhodes et al., 1961) are deficient in the sulfur-containing amino acids. Studies with growing pigs using hydrocarbon-grown yeast indicated that with methionine supplementation the yeast protein produced results similar to that of high-quality fish meal-cereal based diets (Barber et al., 1971) . In trials with fattening pigs, equally good performance was achieved through equal-protein replacement of fish meal and soybean meal by yeasts and bacteria (Schultz and Oslage, 1976) . In general, the sulphur-containing amino acids are the main limiting constituents of SCP for nonruminant animals (Van Weerden et al., 1970; Barber et al., 1971; Schaklady and Gatumel, 1972) . The results of this study with growing rats and pigs indicate that fungal protein produced from cassava could be used as a protein source for pigs provided additional methionine is supplemented. Economically, this type of novel protein source is expensive at the beginning of its production, therefore, partial replacement of conventional protein ingredients would seem more feasible than their total replacement. Also additional research is needed to improve palatability to obtain the most efficient use of this fungal-SCP. Histopathological observations to be reported in a separate paper indicate that the fungal protein used in these studies is apparently a safe feed ingredient.
Two aspects of safety need to be considered in the production of SCP. One is the freedom from toxic effects of the product for the consumer, whether man or animal. Culture studies with rats suggest no toxic problems (Khor et al., 1975; Alexander, 1977) but further toxicological evaluation with pigs needs to be done. The second aspect is the possibility of development of allergies in the personnel involved in producing the SCP. Fungi capable of growth at body temperature could be a biohazard for unusually susceptible individuals (Emmons et al., 1970; Chick et al., 1975) . The genera most often involved are Aspergillus (causing Aspergillosis) and Rhizopus and Mucor (causing Phycomycoses).
Use of the nonrevertible, asporogenous mutant Aspergillus fumigatus 1-21A avoids the risk of inhalation of spores, but may not be a sufficient safeguard because viable hyphal fragments can occur in an aerosol. "Cold-sensitive" mutants unable to grow below 40 C, but able to grow normally at the fermentation temperature 45 to 47 C (Nielsen and Gregory, 1978) have been isolated. However, nonrevertible mutants, required for absolute safety have not yet been obtained and research is underway. Another alternative solution would be the isolation of other cultures that meet the criteria specified and that belong to thermotolerant species that have not been incriminated in infections. Research on the optimum production condition has been conducted with Cephalosporium eichhorniae, one of the microorganisms that meets these criteria. These studies, as well as safety considerations, are currently being investigated at the University of Guelph.
